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Objective.—This paper reviews the evidence that exposure to environmental 
tobacco smoke (ETS) increases the risk of heart disease death among persons 
who have never smoked (never-smokers). The annual number off heart disease 
deaths in the United States attributable to ETS is estimated, as is the individual risk 
of heart disease death for exposed never-smokers. 

Data Sources.—Nine epidemiologic studies and numerous experimental stud¬ 
ies are available to evaluate the association of ETS and heart disease. 

Data Synthesis.— The relative risk Iof never-smokers Irving with current or 
former smokers, compared with never-smokers living with nonsmokers, has 
ranged from 0.9 to 3.0 in nine studies. Seven studies were positive, one was pos¬ 
itive for women but not men, and one was negative. Several studies have shown 
a dose-response relationship and have controlled for other risk factors. Evidence 
from experimental studies suggests that ETS can damage the cardiovascular sys¬ 
tem, via both short-term and long-term mechanisms. Assuming that the observed 
heart disease risk for those exposed to ETS is not an artifact of misciassrfication or 
.confounding, approximately 35 000 to 40 000 deaths from ischemic heart disease 
among neverrsmokers and long-term former smokers are estimated to have oc¬ 
curred annually in the United States as a resutt of ETS exposure in the early 1980s. 
An individual male never-smoker living with a current or former smoker is estimated 
to have an approximately 9.6% chance of dying of ischemic heart disease by the 
age of 74 years, compared with a 7.4% chance for a male never-smoker Irving with 
a nonsmoker. The corresponding lifetime risks for women are 6.1% and 4.9%. 

Conclusions.— The public health burden due to ETS exposure is Hkely to be 
much greater for heart disease than for lung cancer, which has been the focus of 
most debate to date. Iridividual lifetime excess risks of heart disease death due to 
ETS of one to three per 100 can be compared with much lower excess risks of one 
death per 100000, which are often used in determining environmental limits for 
other toxins. Exposure to ETS is not currently regulated at the federal level, except 
for domestic air traffic. 
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ENVIRONMENTAL tobacco smoke 
(ETS) has been associated with a vari¬ 
ety of diseases, particularly lung can¬ 
cer. In 1986, the National Research 
Council 1 estimated that about 3000 lung 
cancer cases per year among persons in 
the United States who had never smoked 
(never-smokers) were attributable to 
ETS. In 1990, the Environmental Pro¬ 
tection Agency published a draft report 
reaching similar conclusions.* While the 
hing cancer risk among never-smokers 
exposed to ETS is well established, a 
possible risk of heart disease due to ETS 
iB more controversial. Yet the epidemi- 
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ologic evidence for a heart disease effect 
has been increasing in the last several 
years. This article discusses the avail¬ 
able data on ETS and heart disease. 
Based on the assumption that the epi¬ 
demiologic studies are reasonably accu¬ 
rate, the annual number of deaths in the 
United States due to ischemic heart dis¬ 
ease CIHD) attributable to ETS iB estb 
mated; as well as the individual lifetime 
risk of 1HD death due to ETS. 

DATA ON ETS EXPOSURE 

Environmental tobacco smoke is dif 
ficuJt to measure directly. Indirect mea¬ 
sures that have been used are airborne 
respirable suspended particulate (de¬ 
fined as particles of less than 2.5-pjn 
diameter) and urinary cotinine (a me¬ 
tabolite of nicotine). Passive monitors 


of vapor-phase nicotine are a promising 
new direct method to measure ETS/ 

Repace 4 has shown that the baek^ 
ground level of respirable suspended 
particulate (approximately 20 p.g/m ) 
doubles in homes in which a smoker lives 
ETS exposure also occurs outside the 
home. Approximately 289 of the US 
adult population smokes, and ETS ex¬ 
posure occurs in most indoor environ¬ 
ments. Cummings et aPhave shown that 
919 of 663 nonsmokers had cotinine im 
tiheir urine, including 819: of the 162 
subjects-who reported no exposure to 
ETS in the previous A days (the rele¬ 
vant period for cotinine measurement)/ 
The average level of cotinine in the urine 
of nonsmokers was about 8ng/mL, com¬ 
pared with about 1200 ng/fnL in smok- 
ers. Other investigators 6 T have shown 
that nonsmokers living with, smokers 
have 2.5 to 3 times the level of urinary 
cotinine compared with that of nonsmok¬ 
ers living with nonsmokers. 

The relative contribution of ETS ex¬ 
posure at work to total exposure is not 
well known. Nonsmoking restaurant 
workers (perhaps a worst case for oc¬ 
cupational ETS exposure) averaged 56 
ng/mL of urinary cotinine in one study. f 
Conversely, Haley et al 6 have shown in 
a limited sample that urinary cotinine 
for those exposed at home and at work 
increased only slightly compared with 
those exposed only at home. 

The National Research Council 1 con¬ 
cluded that nonsmokers exposed to pas¬ 
sive smoke are absorbing the equiva¬ 
lent of 0.1 to 1.0 cigarettes a day, based 
on urinary cotinine levels. However, the 
constituents of sidestream smoke are 
different from those of inhaled: main¬ 
stream smoke. Sidestream smoke is gen¬ 
erated at a lower temperature than 
mainstream smoke, the particle size is 
smaller, less of the generated smoke is 
particulate, and the pH is higher. * There 
are more carbon monoxide and nicotine 
breakdown products in dilute sidestream 
smoke than in mainstream smoke. These 
differences imply that it is difficult to 
determine the relktive toxicity of aide- 
stream smoke vs mainstream smoke. 
Consequently, arguments inferring ETS 
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health effects based on known health 
effects of mainstream smoke (cigarette 
“equivalency") are not appropriate. 

HEART DISEASE AND ETS 

Epidemiologic evidence has been in¬ 
creasing that passive smoking at home 
is related to heart disease among never- 
smokers. Earlier reviews 1 -* concluded 
that the hypothesis associating ETS and 
heart disease was biologically plausible 
but that epidemiologic and experimen¬ 
tal data were inconclusive. 

A review of the recent literature shows 
that six new epidemiologic studies 10 ' u have 
been published regarding ETS and heart 
disease. Table 1 summarizes all nine ep¬ 
idemiologic studies.Seven are posi¬ 
tive, while one is positive for women but 
not men. The five best-designed and larg¬ 
est studies 10iaiia are cohort studies; three 
of the five controlled for the principal 
cardiovascular risk factors (cholesterol, 
blood pressure, and obesity), and three 
■bowed a positive dose response, while 
the other two showed a positive dose re¬ 
sponse for certain subgroups. A recent 
review of most of these studies 11 concluded 
that “heart disease is an important con¬ 
sequence of exposure to ETS” and esti¬ 
mated that the excess risk of heart dis¬ 
ease for nonsmokers living with smokers 
was 30%. 

The principal weaknesses in the epi¬ 
demiologic evidence to date have been 
the indirect methods of assessing expo¬ 
sure (via spousal smoking) and the lack 
of data on exposures to ETS outside the 


home. If the effect of ETS on the cor¬ 
onary’ system is long-term, early expo¬ 
sures during childhood might also be 
important, but childhood exposures have 
not been considered in the epidemio¬ 
logic studies. Also', there are many risk 
factors for heart disease, and it is dif¬ 
ficult to control well for all of them. 

Another problem with the epidemio¬ 
logic data is the seemingly large effect 
that ETS has on heart disease compared 
with the effect of mainstream smoking. 
Active smoking is associated with heart 
disease, with a relative risk of smokers 
vs nonsmokers of about 1.7. 30 Most stud¬ 
ies of never-sm ok ere living with smok¬ 
ers indicate relative risks on the order 
of 1.2 to 1.3, compared with those of 
never-smokere living with never-smok- 
ere. These relative risks seem high com¬ 
pared with the risk for mainstream 
smoking. There are several counterar¬ 
guments to this objection. Studies of 
mainstream smokers have used refer¬ 
ent groups of never-smokere composed 
of never-smokere exposed to ETS and 
never-smokere not exposed to ETS, bo 
that relative risks from mainstream and 
passive smoking studies are not directly 
comparable. Another argument is that 
dosimetry based on cigarette equiva¬ 
lents is misleading, since sidestream 
smoke is qualitatively different than 
mainstream smoke, and exposure to 
sidestream smoke may be proportion¬ 
ately more toxic to the heart than ex¬ 
posure to mainstream smoke. 

Due to the relatively slight increased 


risk of heart disease for passive smokers 
and the many factors known to affect 
heart disease, the possibility of uncon¬ 
trolled confounding as a cause for the in¬ 
creased risk cannot be ruled out. Con¬ 
founding by dietary factors might bias 
disease risks for passive smokers up¬ 
ward. This suggestion is based on findings 
that never-smokere living with smokers 
have less nutritious diets than never- 
smokere living with nonsmokers. ™ 32 The 
argument has principally been made for 
lung cancer risk and has focused 1 on food 
containing carotenoids or retinoids, 
which are protective against lung cancer. 
A similar argument might be made for 
heart disease. However, several' of the 
heart disease studies have adjusted for 
cholesterol, the most established heart 
disease risk factor related to diet. Fur¬ 
thermore, in one study, 11 never-«mokers 
bving with smokers ate significantly less 
cholesterol-containing food than never- 
smokere bving with nonsmokers (white 
also eating significantly less carotenoid- 
containing vegetables). While caro¬ 
tenoids and retinoids may be protective 
against heart disease as they are against 
lung cancer, Uttle published data support 
this claim. 

An increasingly substantia) body of an¬ 
imal and human experimental evidence 
supports the hypothesis that ETS in- 
«aaea the risk of heart disease. The 1986 
National Research Council report noted 
that levels of carboxyhemoglobin (COHb) 
among those highly exposed to ETS was 
reported to be dose to 3% and also noted 
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that animal and theoretical models sug¬ 
gested such levels might have adverse 
effects on the heart. However, the Na¬ 
tional Research Council found little evi¬ 
dence that ETS exposure in healthy sub¬ 
jects was detrimental. Since 1986 a series 
of new experimental studies have been 
reviewed by Glantz and Parmley, J> who 
rite human evidence that ETS exposure 
(1) increases COHb and adversely affects 
exercise performance in both heart pa¬ 
tients and healthy individuals; (2) increases 
platelet aggregation (at levels slightly less 
than those seen in active smokers) and 
adversely affects platelet function; and 
(3) damages the arterial endothelium 
(again at levels slightly less than those 
seen in active smokers). They also rite 
animal evidence that components of ETS 
(eg, polycyclic aromatic hydrocarbons) dan 
increase the risk of atherosclerotic 
plaques. Hence, ETS might be thought 
to have either short-term effects on the 
heart (via COHb or thrombosis) or long¬ 
term effects (via endothelial damage and 
plaque development); 

Two new human experimental studies 
lend further support to the adverse effect 
of ETS on the heart. Allred et aF studied 
63 nonsmoking men with heart disease 
tested on a treadmill, after exposure to 
room air or to air with carbon monoxide 
levels of 117 ppm or 253 ppm (resulting in 
COHb levels of 0.6%, .2.0%, and 3.9%, 
respectively). The time to angina onset 
decreased significantly by 4.2% and 7.1% 
in those exposed to low and high carbon 
monoxide levels, respectively, compared 
with those exposed to room air. Sheps et 
aP studied 41 nonsmokers with coronary 
artery disease to assess the effects of car¬ 
bon monoxide on ventricular arrhythmias. 
Patients performed a baseline bicycle ex¬ 
ercise test and were exposed to room air 
(1 l 5% COHb), 100 ppm carbon monoxide 
(4% COHb), and 200 ppm carbon mon¬ 
oxide (6% COHb) over 3 days, followed 
by more exercise. Those with 6% COHb 
had significantly' more arrhythmias dur¬ 
ing exercise than those exposed to only 
room air. When arrhythmias were 
weighted by severity, a dose response 
was observed. 

The above experimental findings among 
heart patients exposed to carbon monox¬ 
ide find epidemiologic support from a 
study of men exposed to high levels of 
carbon monoxide while working in New 
York City tunnels. 8 These men, exposed 
to carbon monoxide levels of approxi- 
-mately 50 ppm, suffered a 35% excess of 
IHD mortality compared with the US pop¬ 
ulation, an excess that declined aharply 
after employment cessation (indicating a 
short-term effect). They showed no ex¬ 
cess of lung cancer, and cross-sectional 
smoking data revealed smoking habits 
similar to the US referent population. 
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Hence, increased cigarette smoking was 
unlikely to explain the excess heart dis¬ 
ease risk. 

Finally, recent evidence from two studt 
ies show's that exposure to ETS may lower 
levels of high-density lipoprotein choles¬ 
terol (HDL-C): and increase fibrinogen. 
Active smoking lowers HDL-C * A re¬ 
cent study of never-smoking adults 
showed that those with ETS exposure 
(measured by urinary cotinine) had sig¬ 
nificantly lower HDLrC levels than ado¬ 
lescents without ETS exposure (7% lower) 
and significantly higher ratios of total cho¬ 
lesterol to HDL-C, r Another cross-sec¬ 
tional study u found higher levels of fi¬ 
brinogen in nonsmokers exposed to ETS 
vs nonexposed nonsmokers. The authors 
suggested that higher fibrinogen levels 
might lead to increased thrombogenesis. 
While these studies were not longitudinal 
and provided evidence of a correlation 
but not causation, the data suggest other 
mechanisms by which ETS may contrib¬ 
ute to cardiovascular disease. 

In summary, recently published ex¬ 
perimental and epidemiologic studies 
strengthen the case for a true associa¬ 
tion of ETS exposure and heart disease. 

RISK ASSESSMENT 

Risk assessment often means the de¬ 
velopment of a mathematical model to 
predi ct risks of disease based on a gj ven 
quantified dose or exposure. Frequently , 
animal data are used, with doses well 
quantified. Assumptions are then re¬ 
quired regarding the application of an¬ 
imal data to humans. Occasionally, ep¬ 
idemiologic (human) data are available 
with sufficient quantitative detail on ex¬ 
posure to permit Buch a risk assessment, 
but more often the data on exposure are 
qualitative (eg, exposed vs nonexposed ), 
so that no quantitative dose response 
can be estimated. This is the case for 
ETS. However, two other types of risk 
assessment remain possible for ETS.“ 

The type used in this article is based 
on the epidemiologic literature and on 
the observed relative risk for never- 
smokers exposed to ETS vs those non¬ 
exposed. This type of risk assessment 
can be used to estimate the annual num¬ 
ber of deaths due to ETS exposure 
among never-smokers in the United 
States. The excess lifetime risk for an 
individual never-smoker due to expo¬ 
sure to ETS (at an unknown average 
dose) beyond the background risk of a 
never-smoker with no ETS exposure can 
also be calculated. The most important 
assumption in this type of risk assess¬ 
ment is that there indeed is a real in¬ 
crease of risk for never-smokers exposed 
to ETS compared with those not ex¬ 
posed and that this increase in risk can 
be estimated from the existing epide¬ 


miologic studies. The estimates of pop¬ 
ulation and individual risks are crude, 
but they provide a sense of the public 
health burden of heart disease due to 
ETS exposure. 

Another method of risk assessment 
relies on models predicting the risk of 
mainstream smokers for heart disease 
by number of cigarettes smoked, and 
then estimates the equivalent number 
of cigarettes absorbed by nonsmokers 
exposed to ETS, However, this “dosi¬ 
metric'’ method depends on too many 
assumptions about what is a “cigarette- 
equivalent dose” for those exposed to 
ETS, and so is not used here. 

Presented herein are estimates of the 
number of IHD deaths due to ETS ex¬ 
posure among never-smokers, among 
former smokers who have quit 15 or 
more years previously, and among 
former smokers who quit 5 or more years 
previously; After quitting, smokers have 
a sharp reduction in heart disease risk 
(an estimated 50% in the first year), 
followed by a long decline in risk (a re¬ 
duction in the long-term and presum¬ 
ably atherogenic effect), until reaching 
approximately the same risk as never- 
smokers after 15 years * Hence, long¬ 
term former Bmokers (those who have 
not smoked for 15 or more years) can 
reasonably be considered as never-smok¬ 
ers. Former smokers with fewer years 
since quitting will have an increased risk 
from both ETS and their previous main¬ 
stream smoking, but the epidemiologic 
data to date do not permit a separation 
of these effects. Herein are calculated 
the ETS-attributable heart disease 
deaths for former smokers who quit 5 or 
more years previously, and it is assumed 
that the true number of ETS-attribut¬ 
able heart disease deaths for all former 
smokers lies somewhere between the 
attributable deaths for long-term former 
smokers (15 or more years) and short¬ 
term former smokers (5 or more years). 

Current smokers are not considered 
here. Any additional IHD risk due to 
ETS exposure for current smokers is 
likely to be small compared with the 
effect of their mainstream smoking. 

US DEATHS ATTRIBUTABLE 
TO IHD ANNUALLY 
Formulas for AttributaWt Daaths 



As showm in formula 1 below, the 
deaths attributable to IHD among never- 
amokere is 

where EF % is the age-specific etiologie 
fraction, d, is the age-specific number of 
IHD deaths among US never-smokers, 
I, is the age-specific mortality rate from 
IHD among US never-smokers, and A T , 
are the age-specific person-years at risk 
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for US never-smokers. 

The etiologic fraction is an epidemi¬ 
ologic measure to estimate the propor¬ 
tion of disease due to a specific expo¬ 
sure; based on the proportion of the pop¬ 
ulation exposed: and the relative risk 
due to the exposure.® In the context of 
passive smoking, it is defined* 0 in for¬ 
mula 2 below as 

EF-p(RRi -1)+(1 -pXRRi-IV 
p(KRj -1)+(1 -pXRRj- 1)+L 

Here, p is the fraction of never-smokers 
exposed to ETS at home (bving with a 
smoker), RRi is the rate ratio for never- 
smokers exposed to ETS at home vb 
never-smokers not exposed to ETS (the 
truly nonexposed), RR t is the r ate ra tio 
for never-smokers exposed to ETS at 
work or in social Bettings but not bving 
with a smoker vb never-smokers not ex¬ 
posed to ETS (the truly nonexpoeed). 

Derivation of RR, and RR* 

The RRs for I HD for never-smokers 
(1.31 for men and 1.24 for women) bving 
with current or former smokers are from 
the study by Helsing etal, 10 the choice 
of which is dictated by several reasons. 
The goal here is to estimate the impact 
of ETS in the United States (other coun¬ 
tries often have different types of to¬ 
bacco and consumption patterns). The 
Helsing study is the only US study of 
IHD deaths in a large general popula¬ 
tion of both men and women. The study 
results are similar to the approximate 
results for all ETS-heart disease stud¬ 
ies combined . 19 Choosing a point esti* 
mate of effect from a meta-analysis of all 
studies would yield about the same re¬ 
sult. The Helsing study considered as 
exposed those never-smokers living with 
current smokers or ex-smokers, and 
hence assumes that heart disease can 
result from current exposure (a short¬ 
term effect) or past exposure (a long¬ 
term effect) from ETS. This definition 
of exposure is the one used in most stud¬ 
ies of ETS and heart disease. 

Two adjustments were made to these 
RRs prior to their use in formula 2 above, 
following the methods outlined by Wald 
et al. 11 The first adjustment is for the 
possibility that some people (approxi¬ 
mately 7%) have been misclaasified as 
never-smokers, but are current or 
former Bmokers. Such miscla&sification 
is potentially a serious problem. How¬ 
ever, for heart disease this adjustment 
has bttle effect, largely because the heart 
disease RR for smokers compared with 
that for nonsmokers is relatively low 
(about 1.7). As a result of the adjust¬ 
ment, the RR for never-smoking men 
exposed to ETS decreased from 1.31 to 
1.29, while the RR of 1.24 for women 
decreased to L22. 


The second adjustment has a greater 
effect and adjusts for background ETS 
exposure outside the home. The refer¬ 
ent group of never-smokers bving with 
nonsmokers was not truly nonexpoeed 
to ETS. It can be assumed that the ref¬ 
erent group had an unknown increased 
rate of disease (6) compared with those 
truly nonexposed to any ETS. Never- 
smokers bving with smokers Bhowed 
about three times the cotinine as those 
bving with nonsmokers. 7 If the increased 
rate of disease for never-smokers bving 
with smokers should be about three 
times (36) that of never-smokers bving 
with nonsmokers but exposed to ETS 
outside the home (6), then according to 
formula 3, 

Observed RR = 1+36/1 + 6. 

Solving for 6 and using an observed RR 
of 1.29 for men, for male never-smokers 
bving with smoking spouses, the RR for 
IHD death compared with that for 
never-smokers with no exposure to ETS 
(no exposure at home, work, or social 
settings) is 1.51, while the RR for male 
never-smokers not bving with Bmoking 
spouses but exposed to background ETS 
at work or in social settings is 1.17 
(6~.17). The corresponding RRs for 
women are 1.37 and 1.12. These adjusted 
RRs are used in the calculation of the 
etiologic fraction (formula 2 above). 

Tba Fraction of Novor-Smokort 
Living With Smokars 

To calculate this fraction (the p in for¬ 
mula 2), data are taken from the never- 
smoking controls in four US case-con¬ 
trol studies of lung cancer and ETS, 
conducted in the late 1970 b and early 
19806.“ These studies involved 658 
men and 878 women, of whom 19% and 
55% had spouses who were smokers or 
ex-smokers. Age-specific exposure prev¬ 
alence was not available from these stud¬ 
ies. Age-specific data from 778 female 
controls in a recent US lung cancer case- 
control study (Elizabeth Fontham, PhD, 


written communication^ July 1991) tend 
to confirm the overall estimate for 
women and show bttle difference in the 
percentage exposed after the age of 45 
years. 

Approximately 75% of US adults are 
married.“The assumption made here is 
that the married and unmarried indi¬ 
viduals are alike regarding their poten¬ 
tial for exposure to ETS. Some data 
justify this assumption, based on uri¬ 
nary cotinine levels of single women. 1 

WD Rates Attributable to ETS 

Age-specific (at 5-year intervals) and 
•ex-specific IHD rates for US never- 
smokers were estimated using date from > 
four cohort studies: (1) the cohort study 
conducted by the American Cancer So¬ 
ciety* 6 (follow-up 1982 through. 1985): 
(Lawrence Garfinkel, MA, American 
Cancer Society, written communication, 
June 1990);; (2) the US veterans cohort 
study 17 (follow-up 1975 through 1980, 
men only) (Aaron Blair, PhD, National 
Cancer Institute, written communioa* 
tion, June 1991); (3) the Seventh-Day 
Adventist cohort study* (follow-up 1977 
through 1982) (Paul Mills, PhD, Loma 
Linda University, written comm urn ca¬ 
tion, June 1991), and the Nurses Health 
Study* (follow-up 1976 through 1988, 
women only) (Graham Colditi, MD, 
Nurses Health Study, written commu¬ 
nication, July 1991). To combine these 
rates, unweighted averages (three stud¬ 
ies per sex) were taken of the age- and 
•ex-specific rates, and direct standard¬ 
ization (with the 1980 US population as 
the standard) was used to create sum¬ 
mary rates for the three age categories 
in this review (<45, 45-64, 65 + years). 

Estimates of the age- and sex-specific 
number of never-smokers in the United 
States were obtained from the 1978 
through 1980 National Health Interview 
Surveys 40 (and Robert Brackbill, PhD, 
National Institute for Occupational 
Safety and Health, written, communi¬ 
cation, April 1991). 
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Multiplying these rates and popula¬ 
tion estimates by the etiology fraction; 
approximately 28 027 deaths among US 
never-smokers are estimated to have 
occurred annually in the 1980s as a re¬ 
sult of ETS exposure (Table 2). 

Similar data for former smokers who 
quit 15 or more years previously are sum¬ 
marized in Table 3, based on the assump¬ 
tion that they have approximately the 
same relative risk and proportions ex¬ 
posed as never-smokers. Also presented 
are attributable deaths under the assump¬ 
tion that former smokers who quit 5 or 
more years previously have the same risks 
from passive smoking as do never-smok- 
ers. These last data indicate how attrib¬ 
utable deaths increase under a variety of 
assumptions about the return of former 
smokers to baseline (never-smoker) risk. 
The final estimates of attributable deaths 
are presented as a range, assuming that 
the true number of ETS-attribut&ble 
IHD deaths among former smokers lies 
between the number derived in consid¬ 
ering only former smokers who quit more 
than 15 years previously and the number 
derived by considering former smokers 
with 5 or more years since quitting (Table 
3), Combining the above estimates, the 
overall estimate of ETS-attributabie heart 
disease deaths for never-smokers and 
former smokers is 35000 to 40000. 

IHD RtSK FOR NEVER-SMOKERS * 
LIVING WITH SMOKERS 

Individual excess risk of death for a 
never-smoker exposed to ETS can be 
derived using an RR estimate and con¬ 
verting rates for never-smokers to a cu- 
mulktive risk of IHD death by a given 


age, using formula 4 below, which ac¬ 
counts for competing causes of death* 1 : 

Ti 

Excess risk- ^(RR,-lk?r(0 
»' 

exp [-2(RR>-l)ty (t)*9*(7)] 

j m *> 

In formula 4 excess risk refers to cumu¬ 
lative excess risk of IHD death by the age 
of 74 years, q { is the IHD mortality rate 
for nonexpoeed (truly nonexposed, no 
ETS exposure in home or elsewhere), q, 
is the overall all<auses mortality rate for 
the nonexposed (here assumed to be the 
all-causes mortality rate for never- 
smokers) (age- and sex-specific data for 
1982 through 1984 provided by Lawrence 
Garfinkel, MA, American Cancer Soci¬ 
ety, written communication, June 1990), 
RR is the rate ratio for the exposed vs the 
nonexpoeed (assumed to be constant over 
age), and i and j index ages. Background 
risk for never-smokers may be calculated 
by omitting the terms using the RRs. An 
Axelson-type adjustment 42 was used to 
derive the background IHD rate for the 
trulynonexpoeed. The Axelaon technique 
consists of partitioning the overall IHD 
mortality rate for never-smokers into a 
weighted average of the rate for those 
with background exposure (the rate for 
the truly nonexpoeed times the RR for 
never-smokers with background ETS ex¬ 
posure) and the rate for thoee bving with 
smokers (the rate for the truly nonex¬ 
poeed times the RR for never-smokers 
living with smokers)] The resulting equa¬ 
tion may then be solved for the rate of 
thoee truly nonexpoeed. 


For a female never-smoker with no 
ETS exposure (truly nonexposed), the 
lifetime (to an average age of 79 years) 
risk of IHD death is 4.4%. The risk for 
a female never-smoker exposed to back¬ 
ground ETS exposure is 4.9%, while the 
risk for a female never-smoker living 
with a smoker is 6.1%. Corresponding 
results for men from age 30 to an average 
age of 74 years are 6.3%, 7.4%, and 
9.6% . These results should be viewed as 
crude estimates, given the multiple as¬ 
sumptions involved. These risks apply 
to long-term former amokere. 

The estimated increased risks of death 
from IHD due to ETS exposure are 
higher than those accepted in regulat¬ 
ing environmental toxins. For example, 
environmental limits for toxins are of¬ 
ten aet to limit the number of excess 
deaths resulting from exposure to one 
in 10 5 or one in 10 6 , 43 whereas the excess 
risks calculated are in the range of one 
to three per 100. There are currently no 
federal regulations regarding exposure 
to ETS, with the exception of regula¬ 
tion for domestic airline flights. 

CONCLUSION 

A number of assumptions are in¬ 
volved in estimating the heart disease 
mortality due to ETS, adding an unfor¬ 
tunate level of uncertainty . The most 
important assumption is that the rela¬ 
tive risks for ETS and heart disease, de¬ 
rived from the epidemiologic evidence, 
are reasonably accurate. The epidemio¬ 
logic results may be questioned; given 
the inherent uncertainties of any epide¬ 
miologic study. Differential misclassifi- 
cation of ever-smokers as never- 
amokere and uncontrolled confounding 
are possible explanations for the excess 
risk observed in the epidemiologic stud¬ 
ies. However, neither of these likely ac¬ 
counts for the observed risks. The epide¬ 
miologic data are strengthened because 
multiple studies now are consistent and 
reasonably well!designed. 

Considerable uncertainty is involved 
in extrapolating from the epidemiologic 
data, which consider the relative risks 
for never-smokers living with smokers, 
to estimating relative risks for thoee 
exposed to ETS (anywhere) vs those 
truly not exposed (anywhere). This lat¬ 
ter population of the truly nonexposed 
is largely hypothetical, in that virtually 
everyone is exposed to background lev¬ 
els. This extrapolation was made based 
on observed relative risks for ETS ex¬ 
posure at home and on urinary cotinine 
measurements, but is necessarily a crude 
estimate. If it were assumed that back¬ 
ground (not fromi spouse) exposure 
causes no increase in risk (ie, a thresh¬ 
old effect), then the number of annual 
IHD-attributable deaths (due solely to 
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exposure from & spouse) drops to about 
15000 to 19000. 

The above estimate of 35 000 to 40000 
IHD deaths attributable to ETS among 
never-smokers and former smokers is 
based on data from the early 1980s. Tbe 
current number of attributable deaths 
is likely to be lower, given the declining 
prevalence of smoking, declining heart 
disease mortality, and the increased so¬ 
cietal trend to limit exposure to ETS. 

One prior risk assessment of ETS and 
heart disease exists, using methods sim¬ 
ilar to thoee used here. Wells 44 estimated 
that in the United States in 1985 there 
were 32000 heart disease deaths among 
nonsmokers (never-smokers and former 
smokers) attributable to ETS. His esti¬ 
mate is surprisingly dose to the one pre¬ 
sented herein, despite the fact that he 
used different data and assumptions in 
his estimate. Wells included all former 
smokers in the population at risk far ETS- 
induced heart disease, while my discus¬ 
sion is restricted to never-smokers and 
former smokers with at least 5 years since 


quitting. Wells extrapolated American 
Cancer Society data from the 1960s for 
heart disease rates among never-smok¬ 
ers to estimate these rates for the 19806. 
I have used never-smoker heart disease 
rates from four cohort studies in the 1970 b 
and 1980s. Wells used a different proce¬ 
dure to estimate the prevalence and ef¬ 
fect of exposure outside the home. 

In this article the assumption has been 
made that never-smokers living with cur¬ 
rent or former smokers have an increased 
risk of heart disease. That is, both short¬ 
term and long-term effects of ETS on the 
heart have been assumed. This assump¬ 
tion agrees with the epidemiologic evi¬ 
dence, which in most studies has defined 
exposure as living with a current smoker 
or an ex-smoker. If one were to assume 
the effect of ETS on the heart were only 
short-term (eg, via an increase in COHb), 
then one would have to use RRs from 
studies in which exposure is defined as 
living with a current smoker. There are 
two US studies using this definition of 
exposure. 12 ' 16 Both show a higher RR for 


exposed vs nonexposed (approximately 
1.6) than the one assumed here (1.2 to 
1.3); However, these studies have hmi- 
tatkms for use in calculating attributable 
risk One u included only women and the 
outcome was based on all circulatory dis¬ 
ease (including stroke), not IHD. The 
other 16 included only men at high risk of 
heart disease. 

In conclusion, assuming the epidemi¬ 
ologic evidence is valid and assuming 
our estimate of 35000 to 40000 annual 
excess heart disease deaths among 
never-smokers and long-term former 
smokers due to passive smoking is cor¬ 
rect, then heart disease mortality is com 
tributing the bulk of the public health 
burden imposed by passive smoking 
Lung cancer, the previous main culprit, 
has been estimated to cause approxi¬ 
mately 3000 excess deaths per year 
among never-smokers. 

Comment* on aarber version* of the roanusmpt 
were kindly provided by Dn Judson Wells, Peter 
Gann, Lathe Stayner, Lewi* Kuller, *nd Thomas 
Robins. 
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